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ABSTRACT

This study draws together two sorts of work -- attempts
to improve vigilance performance and use of background music
In industrial settings - - to explore how background music affects
performance on a vigilance task. Fourteen subjects were tested
on a simple disjunctive reaction time task, which gave eight
stimuli in an hour's session. The independent variable was music
(a specially programmed Muzak tape recording) vs. coutinuous
noise (a small fan in the experimental room). The performance
of subjects who worked while hearing noise did not change
significantly during the hour. However, the subjects who heard
background music responded significantly better (faster) during
the latter two-thirds of the hour than they had at first. Also,
the music group performed significantly better In the middle
third of the* hour than during the last third. Other tests, com-
paring the groups with each other, rather than with themselves,
did not demonstrate significant differences with the number of
subjects used.
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VIGILANCE WITH BACKGROUND MUSIC

INTRODUCTION

Vigilance has become the object of many research studies. The reports and
speculations about It have come to be a significant volume of literature; the Human
Engineering Laboratories, for example, have published results of several vigilance
experiments (3, 6, 13, 14).

Vigilance might be defined as watchkeeping performance in an unstimulating
environment. While specific vigilance tasks vary from one experiment to another,
ranging from watching an oscilloscope in the laboratory to watching for aircraft In
the desert, these tasks have several common elements. The tasks are undemanding
much of the time -- the subject has little to do. Yet, on the other hand, certain
significant signals are presented from time to time, and the subject is instructed
to respond to them as promptly as possible. Usually the task conditions are monot-
onous, In that they offer little changing stimulation or novel stimulation. These
vigilance tasks are, obviously, like many tasks military personnel must perform.
In fact, with increasing automation in both military and industrial spheres, the
number of vigilance tasks may be expected to mushroom, requiring more and more
men to monitor what machines are doing for long times, making adjustments only
occasionally.

While there has been extensive study of vigilance, most of this research has
dealt only with variables of the task itself -- how stimuli are presented, or how
often, or the like. The environment in which subjects perform has had much less
attention.

The present study examined how vigilance is affected by changing the back-
ground of stimulation in which subjects work at their vigilance tasks. Specifically,
this study compared vigilance when background music was played, with vigilance
when there was similarly loud random noise.

The extensive use of background music In stores, offices, and factories
suggests that music must have a beneficial effect on work output and/or on morale.
Experimental results have demonstrated that music can indeed increase work out-
put. Two recent studies by Konz (9) found that college students performed much
better (p <. 001) when listening to programs of Muzak background music while com-
paring nonsense letters, tracking on a pursuit rotor, and doing a manual assembly
task. But experimental findings have not always been successful in demonstrating
such an effect. For example, although Mikol and Deuny (11) found that listening to



a metronome Improved rotary pursuit performance, McGehee and Gardner (10)
reported that their rug setters' production was unaffected, and Dannenbaum (2)
concluded that music actually made people less able to find faults in geometric
figures. Kirkpatrick (8) reported that music hindered work demanding mental
concentration, but Smith (12) found that it did not adversely affect output, error
rate, or absenteeism. Freeman and Neidt (5) concluded that students can under-
staud a film just as well while listening to unfamiliar background music as when
listening to familiar background music. Freeburne and Fleischer (4) found that
students comprehend Russian history just as well with music as without it. These
results suggest that the way music affects work output may vary from one situation
to another.

Much less attention has been given to the ways that changing a music program
can affect performance. The frequently used phrase "effect of music on perform-
ance" suggests that investigators consider musical selections at least roughly inter-
changeable. While they do, of course, specify the music they have used, there Is
a strong presumption that results would have been about the same with any other
program of music that had been selected. Actually, the relationship might be still
more complex: an interaction among tasks, characteristics of the music, and
individual differences.

A second distinct criterion is morale. Even if music had no direct effect on
work output -- which, In this writer's opinion, has not been established -- music
might still be advantageous If it improved workers' job satisfaction. For instance,
McGehee and Gardner's (10) rug setters liked music and said it was beneficial, even
though their production did not increase. Ease of recruitment may also be affected;
Kerr (7) concluded that, other things equal, "Workers will go to Job locations where
they can hear music while they work."

To sum up, there has been considerable speculation, generous contributions
of expert opinion, and some experimentation about music and job performance.
Yet at the time the present study was planned, a literature search Indicated that
no one had attempted to harness whatever "tnagic" music has to improve vigilance
performance. More recently, Buckner and McGrath (1) have published results of
a study In which Navy personnel working at vigilance tasks were exposed to white
noise and to a "variety" program including white noise, vocal and Instrumental
music, the audio part of television programs, traffic noise, and mechanical noises.
In brief, the subjects were required to detect slight Increases In the brightness of
a blinking light. These brightness changes, occurring about 24 times each hour at
random Intervals, were large enough that alert men could detect them 90 percent
of the time. Each subject served in a balanced series of test conditions -- eight
one-hour sessions given over a period of four days. Results showed that vigilance
was maintained better (p <. 001) with the "variety" program, even after considerable
practice.
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The present study tested a hypothesis much like Buckner and McGrath's:
that increasing the variability of environmental stimulation by introducing back-
ground music will lead to better vigilance performance. However, rather than
using available commercial recordings, it used a special program of background
music representative of that played In offices and industry, to allow better control
of the music's suitability. Furthermore, the experimental design and statistical
analysis were especially tailored to consider any learning and motivational changes
which might be engendered by the experiment itself.

METHOD AND PROCEDURE

Subjects

Although a number of subjects were used in a pilot study to test the adequacy
of the apparatus, this report is based on data from 14 subjects used in the experi-
ment proper. The subjects were run by the author and students in his Industrial
Psychology class. * The subjects were not a sample of any defined population, since
each experimenter recruited his own subject. However, all but one of the subjects
were males between the ages of 18 and 35, employed at Aberdeen Proving Ground,
Md., or Edgewood Arsenal, Md.

Apparatus

The vigilance equipment was a Stoelting disjunctive reaction timer. Its
stimulus was a translucent plastic piece about one inch square, which could be
illuminated from behind with three colors of light - - red, green, and yellow.
After the experimenter had selected the predetermined stimulus color for a trial,
he presented the stimulus by pressing a lever switch that simultaneously turned a
light on and started a timer. The subject responded by pressing the correct one
of three telegraph keys, which turned the light off and stopped the timer. If a sub-
ject pressed the wrong key, the light did not go out, and he continued pressing keys
until he had operated the correct one. The light remained on until the subject
turned it off by making a correct response. The apparatus thus measured time,
to the nearest hundredth of a second, between stimulus presentation and correct
response; it did not allow experimenters to record incorrect responses.

* Philip Barbre, Raymond F. Blackner, Paul A. Fair, William B. Kahl, Eric J.
Keele, Robert J. Marone, John J. McMahon, Henry C. Newman, Edward L.
Nordan, Anthony J. Pinto, Patricia C. Rafferty, R. Bradley Randall, Robert T.
Rhodes, and William F. Williams.
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There were two sound backgrounds -- noise and music. The noise was pro-
duced by a small table fan across the room from the subject. It produced a
moderate, constant noise such as psychologists often use to obscure extraneous
sounds.

The music was a tape recording played on a Wollensak T- 1500 tape record.
through an eight-inch loudspeaker in a wood enclosure near the fan. Because muic
encompasses such a wide variety of possibilities, thus becoming at least a potent al
variable in itself, the author felt that the program should be representative of
accepted good practice that would actually be used in planning a program for this
sort of task. Accordingly, the Muzak Corporation, New York City, was contacted
for guidance. * The program of selections used was the first hour of a specially
prepared tape (Muzak Serial No. Z-35069).

The loudness of these sounds was measured at the subject's ear position with
a General Radio Type 1555-A Sound Survey Meter, which expresses sound-pressure
level at the microphone in relation to the 0. 0002- microbar standard reference.
These measurements are given in Table 1. While It appears that the music wasr
somewhat louder than the fan, much of the discrepancy may be due to the fact that
the music measures axe peak values which do not represent average level. The
music and fan loudnesses were almost equal phenomenologically, since subjects
had selected a comfortable, comparable music level during the pilot phase.
Neither sound was as loud as the 72 decibels that Buckner and McGrath (1) used;
our subjects simply did not care to listen to background sounds that loud.

TABLE 1

Sound-Pressure Levels at Subject's Ear*

Loudness (decibels)

Sound A-Scale B-Scale C-Scale

Fan 48 54 57

Muzak 54-59 57-62 62-67

* Thanks are due especially to John H. Bohlendz, formerly with Muzak
Corporation, for his invaluable aid in preparing a program especially
suited to the requirements of this experiment.
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Procedure

The experimental design was a simple factorial plan in which half of the
subjects worked with music, then noise, while the other half 0worked with noise,
then music. Since eachAubject served under botR conditions, ,this sort of arrange-
ment made efficient use of a small number of subjects. It assured that measure-
ments for the two conditions would be comparable, since each subject acted as
his own control. In using it, however, we must ,assume that any transfer of
training from the first condition to the second is the same as the transfer from
the second to the first, and that there is no significant practice effect from one
session to the next.

Subjects were assigned randomly to one of two groups, depending on which
background sound they were to work with first.

Each experimenter took his subject into a na1, acoustically treated
experimental room and explained the task by giving standard directions that
disguised the study's real purpose. The subjects who worked with music first
were told:

Instructions for Vigilance Stud.

"The study you are going to help with today and tomorrow is a
test of alertness. We want to find out how alert you can stay when you haveto do
a task for an hour at a time. Alertness is very important in a lot of military
situations - - your life, and maybe your buddies' lives, too, can depend on how
alert you are.

"The task you're to do is based on what the officer in charge of
a missile site might have to do. One of his most important jobs would be keeping
track of targets in his area. Let's say that the radars and computers do most of
the work for him. When a target comes near, they flash a light to warn him - -

a light about like the one in front of you.

"An electronic device also sends out a coded signal to identify
the targets and tell whether they're friendly, enemy, or unidentified. The color
of the light tells you what the target's identification is -- (give card to subject)

Green - Friendly 3
Yellow - Unidentified 1
Red - Enemy 2

Then you press a key to tell the missile system what to do. Here are your
orders for the day:



TABLE 2

Schedules for Stimulus Presentation

Time Color Response
Trial (minutes from start) of Light Key

First Hour

1 2 Green 3
2 5 Red 2
3 13 Green 3
4 27 Yeli6w 1 I

5 33 Red 2
6 41 Red 2
7 55 Yellow 1
8 58 Green 3

Second Hour.

1 4 Yellow I
2 9 Green 3
3 16 Yellow 1
4 24 Red 2
5 36 Green 3
6 44 Green 3
7 51 Yellow 1
8 56 Red 2
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If friendly, press 3 to keep the system from
firing a missile.

If unidentified, press 1 so the computer will
try to identify it a second time.

If enemy, press 2 to track It.

"Respond quickly and accurately -- try to be fast, but be sure you
make the right response. Do you have any questions? (If there are questions,
answer by repeating from written instructions above, if possible.) (Demonstrate
how apparatus works.)

"One more thing you might wonder about -- you'll notice that
there's a loudspeaker over there (Point) in the corner. This room isn't sound-
proofed - - and so you won't be distracted by people out In the hall, I'm going to
play a tape while you do the task.

"All right, we're ready to start. Begin watching for the light
as soon as I close the door. I'll let you know when the time is up."

Subjects who worked with the fan noise first got these same directions, except
that the next-to-last paragraph was omitted. The fan was on when they entered the
room, and they did not seem to question its purpose.

A subject remained at his task for one hour, during which eight stimuli were
given -- rather a slow presentation rate, even as vigilance studies go. The experi-
menter presented stimuli as the schedule called for them, and he recorded the time
his subject took to respond to eacli. He also observed his subject through a one-
way window from time to time. At the end of the hour, the subject was excused
until the next day without further explanations.

On the second day, the subject worked under the remaining noise condition.
First he was asked if he had any questions, although most did not. It then seemed
necessary to explain why the noise condition would be different: "We're having
trouble with the tape recorder, "or "We couldn't get the tape recorder to work
yesterday. " Although every effort was made to keep the subjects ignorant of the
study's hypothesis, we must confess dissatisfaction with this sulerfuge; several
subjects chuckled, or grimaced, or gave us knowing looks.

Schedules for stimulus presentation are given in Table 2. All subjects had
the same schedule during the first hour, regardless of condition; and all had the
same schedule the second hour.
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TABLE 3

* Attitude Toward Music During the Experiment

Name

Different people feel different ways about the music that was played in part
of the experiment. The statements below represent several points of view. For
each statement, please mark whether you:

A - Agree with it.
D - Disagree with it.
? - Are undecided about it.

Scale Value I
5.5 The music made the task seem easier.

3. 6 I'd have to work with music longer before making up my mind
" about It.

7.0 The music was really great.

5.6 The music made the task much easier for me by blocking out
the noises from the hallway.

1.8 The music kept me from concentrating.

4.0 The music had no effect on me.

5.3 Sometimes I like to listen to music.

3.3 , Hearing music really didn't bother me much.

2.3 I didn't like the tunes.

6.7 I Just couldn't do my best without music.

3. 8 The music wasn't too bad, but not too good, either.

4.8 Sometimes music makes my tasks easier.

2.6 Music is sometimes disconcerting.

6. 1 The music helped me relax and do a good job.

1.0 I kept wishing they would turn the music off.

5.8 The music broke up the monotony and boredom.

6.4 The music is soothing to the nerves and makes you feel relaxed.

1.4 The music kept distracting me and caused me to lose concentration.

8



After both sessions, the experimenter had his subject take a Thurstone-type
attitude scale about the music he had heard, as shown in Table 3. Each item's
scale value, shown in the left column, was calculated in the usual way by averaging
the ratings eight judges gave it on this scale:

7 - Very favorable
6 - Favorable
5 - Somewhat favorable
4 - Neutral
3 - Somewhat unfavorable
2 - Unfavorable
1 - Very unfavorable

An individual subject's attitude score, then, is conventionally the median scale
value of the items he agrees with (Ignoring the items he disagreed with or was
uncertain about). Scores from the attitude test thus evaluated subjective reactions
to the music, to complement the work output measures that had already been
obtained. Any comments the subject volunteered about the music were recorded
on the back of the attitude test.

Finally, the experimenter explained the study's purpose to his subject and
asked him not to discuss it with anyone else.

9
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RESULTS AND DISCUSSION

a Because this experiment has been partly exploratory In nature, the results
are presented and discussed in somcwhat more detail than usual, both to explore
a theoretical model and as a guide for future experimentation.

In Table 4, the data have been averaged for each of the eight trials uider
the two conditions. This classification is the one which had been planned, since it
balances the order of conditions: half the subjects had music first, and the other
half had noise first. There was a 0. 14 second over-all difference between reaction-
time means -- reaction times with noise were about 10 percent longer than with
music -- although the differences are not statistically significant. When t was
calculated from direct differences between a subject's reaction time scores on a
trial under the two conditions, none of the values reached the .05 point.

One must remember, of course, that the sample reported here is small,
and that one is less likely to be able to demonstrate significance with small samples.
Some of the differences did seem to be creeping up on significance without quite
reaching it; for example, the t for the largest difference in means (Trial 2) was
1. 601, yielding a 2 near the .07 point. But these nonsignificant results cannot be
explained entirely on the basis of a small sample. If the samplewereenlarged,
while maintaining the same t ratio, a value of 1. 601 would not reach the .05 point
even ith an infinite number-of subjects.

TABLE 4

Reaction Times for Noise ad Music Conditions

Mean Reaction Times Difference*
Stimulus RNolse Music (Noise minus Music)

1 1.61 1. 79 -0.18
2 1.87 1.31 +0.56
3 1.39 1.50 -0.11
4 1.37 1.30 +0.07
5 1.56 1.28 +0.28
6 1.54 1.13 +0.41L
7 1.40 ® 1.18 +0.22
8 * 1.44 1.58 -0.14

Q

Grand Means Q 1.52 1.38 , +0.14

Positive values Indicate faster mean reaction time under music condition,
while negative values indicate that mean reaction time was faster with noise.
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Now let us attempt to check whetherjhe statistical design's assumptions have
been met. There were two assumptions: (1) that there were no progressive response
changes; and (2) that transfer from the first condition to the second, was the same as
from the second to the first. The data are given separately for the two orders of
conditions in Table 5; and the mean reaction time curves are plotted in Figures 1 and 2.

TABLE 5

Reaction Times for Each Group, by Days and Trials

Stimulus Tinfe Group A Group B
(minutes after start) Mean Mean

First Hour Music Noise

2 1.76 1.71
5 1.11 1.51

13 1.83 1.60
27 1.19 1.56
33 1.14 1.767
41 1.10 * 2.01
55 1.10 i. 5
58 1.77 1.48

Second Hour Noise Music

4 *4 1.50 1.82
9 2.22 1.51

16 1.17 1.18
24 1.18 1.42
36 1.44 1.42
44 1.06 1.16a
51. 1.25 * 1.25

56 1.40 1.39

0
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Comparing the shapes of the two curves immediately reveals some intriguing
relationships. With both groups, music seems to have yielded faster reaction times
in the latter two-thirds or so of the hour. On the other hand, the two groups did not
respond as consistently to noise. Most significant for the present discussion, the
relative performance with music and with noise is clearly not the same for the two
groups. If music was given first, average performance was roughly the same for
the two conditions. But if noise was given first, average performance improved
when music was given. As the following discussion will show, these facts suggest
that progressive response changes during the experiment have obscured the relation-
ship between the two conditions.

Progressive response changes may be either positive or negative. When a
person continues to work at a task over a period ottime, his performance may
improve because of learning, or it may deteriorite because of factors such as
fatigue or bortdom. When task and environmental variables remain constant, these
changes are comparatively simple to evaluate, since they are mirrored in the work-
output curve. But where task or environmental variables have changed, any effects
they produced are confounded with the progressive response changes.

Let us examine how progressive response changes might affect performance
in a hypothetical situation. Suppose we have subjects worle'at a task on two separate*
daysl A and B. The task might be long enough that subjects could learn a significant
amount while doing it, or it might be a short task with opportunities for learning
Interpolated between the two test days (for example, newly hired workers who are
tested on a job-related task when hired and again later). The important point here
is that we test at two separate times, A and B, so that the subjects have learned
more by B than they knew at A.

Even if a subject ietested under optimum cog~dons of motivation and
environment, there will nevertheless bg some maximum, best performance which
is his limit on both days. Although a number of variables enter into determining
this limit, the one which varies between A and B is learning. Thus, because he has
learned between A and B, he will be capable of better "performance under ideal con-
ditions on Day B than he was on Day A. We will call these performance lintits the
subject's maximum. The solid line in Figure 3 shows a subject's maximum possible
performance for the two days. As an approximate analogy, the maximum may be
interpreted something like Hull's habit strength (SHR).

a

But people do not always deliver the best or greatest performance they are
capable of. Numerous factors can degrade their performance to some friction of
te theoretlcnl r-n'mum. ALotua1 v&.k uubpur mevn, probably depends on H
interacting multiplicatively with other variables to determine performance, rAich
is analogous to SER In the Hullian scheme, these "degradation" multipliers
include such things as stimulus intensity and amount of incentive. To deal at a

14



more molar level, why not just assign a complex experimental condition a single,
composite "degradation" multiplier? If we have two conditions, 1 and 2, Condition I
may degrade the theoretical maximum (SHR) to an actual performance (SER) of
80 percent, while Condition 2 degrades performance to 50 percent of the maximum.
This situation is shown in Figure 3.

100

80 0

/ ///

60 -.

/ .2

~/

2, /

20

0

A B

Stage of Practice

Fig. 3. THEORETICAL MODEL OF HOW WORK OUTPUT WOUIJD BE
AFFECTED BY CONFOUNDING EXPERIMENTAL CONDITIONS

AND PROGRESSIVE RESPONSE CHANGES
(see text)
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Figure 3 shows two dashed lines representing two groups of subjects. The
first group had the two conditions In one order, and the second group had them in
the other order. The plotted points show how performance at the two times would
be degraded from the theoretical maximum. Note especially the relationship
between the two groups' performance: one group shows very little improvement,
while the other group shows considerable improvement. This relationship would
be equally true if progressive response changes were negative, although the maxi-
mum would then decrease, rather than increase. As a matter of fact, it can be
shown that this relationship will hold true whenever the maidmum line departs
from the horizontal -- in other words, whenever there is a progressive response
change, whether positive or negative.

0
It should be possible to take advantage of these relationships, to develop

statistical tests for progressive response changes. Since one group would tend
io achieve scores either higher or lower than the other, the two groups should
have significantly different variabilities. One of the groups' scores might have
a normal or roughly normal distribution; the other distribution, really comprising
two normal curves, would tend to be bimodal. The nonparametric Wald-Wolfowitz
Run test should demonstrate that the number of runs is significantly fewer than
expected. The Moses test of extreme reactions, another nonparametric technique,
should also be applicable. Since these ideas were based partially on the data from
this study, they cannot, of course, be tested on the same data; hence none of these
techniques have been applied here.

This analysis supports the conclusion drawn from examining the performance
curves: that the effects of conditions were confounded with those of progressive
response changes.

There is good reason to believe that transfer between the conditions was
also unequal, since several subjects apparently did not accept what they were told
in the second day's Instructions. When they were questioned later, some of them
admitted that they had guessed the experiment's hypothesis and had then tried
harder to show that they cduld do the task well under either condition. This sort
of motivational change is especially pernicious, as it can produce a Hawthorne
effect insidiously without being obvious enough to attract attention. In future
studies, it would probably be best to use separate groups under the two conditions,
matching them, if possible, to assure that they have equal ability at the task.

At any rate, it seems clear that the statistical analysis should be based on
the first day's data, discarding the data from the second day. The first day's
performance, already given in the top half of Table 5, is plotted in Figure 4.
The subjects In the two groups should have been approximately equivalent, since
they were assigned randomly. As a check, we may compare their performance
on the first trial. Since the noise group had a slightly faster reaction time on
this first trial, it appears that the experiment began with the cards stacked
slightly against the hypothesis that music would improve vigilance.

17



* .

The curve for the noise group shows a decrement in vigilance -- longer
reaction times - - during the latter part of the hour. The music group, after
some initial instability, seemed not only to maintain its vigilance but actually
to improve. The music group, however, had a strangely long reaction time
on the last trial, which Is difficult to interpret; perhaps an individual selection
distracted them, or perhaps they thought the last stimulus had been given.

The differences In means for Individual trials have been compared using
the standard Fisher t ratio for uncorrelated measures, as shown in Table 6.
All are nonsignificant.

TABLE 6

Fisher t Tests Comparing Performance
of Music Group and Noise Group

Noise Music Difference
Trial Mean Mean (Noise minus Music) t

. L.71 1.76 -. 05 --

2 1.51 , 1.11 +.40 1.38

3 1. 60 1.83 -. 23 --

4 1.56 1.19 +.37 1.05

5 1.67 1.14 +.53 1.62

6 2.01 1.10 +. 91 1.17

7 1.55 1.10 +.45 .96

8 .'48 1.77 -. 29 --

18
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Since some of the t ratios suggested that relatively large within-groups
variance might be masliug real differences between groups and from time to
time, the stability of scores was Improved by pooling the trials given close to
each other. During the design phase, the stimulus times had been selected
go scores could be pooled in this way. Thus the first three stimuli -- at 2, 5,
and 13 minutes -- tested performance early in the hour, before a vigilance
decrement would be expected. The next two stimuli -- at 27 and 33 minutes --
evaluated performance at the half-hour area, where vigilance in watching radar
and sonar displays often has deteriorated seriously. The last stimuli -- at 41,
55, and 58 pniuutes -- revealed how vigilance was maintained during the latter
part of the watch. A subject's scores in each of these three blocks were thus
averaged to obtain a more reliable estimate of that subject's performance in
each time span.

Table 7 gives means and standard deviations for the pooled-trial blocks,
and Table 8 summarizes the results of three t tests comparing the groups'
performance on each of them. As the table shows, differences between the
two groups were not significant.

TABLE 7

Reaction-Time Means and Standard Deviations
for Pooled-Trial Blocks

Trial Standard

Block Mean Deviation

Music (Group A)

1-2- 3 1.73 .69
4- 5 1.17 .27

6-7- 8 1.37 .66

Noise (Group B)

1- 2- 3 1.61 .77
4- 5 1.62 .80

6- 7 - 8 1.68 .97
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TABLE 8

Comparisons of Music and Noise Groups'
Performance on Pooled Trials

Difference
Trials .Compared Between Means t j

1-2- 3 -. 12 .24

4-5 .45 1.42

6- 7- 8 .31 .70

2
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Table 9, however, reveals that the groups were significantly affected by the
independent variable. This analysis compares each group with itself for different
times during the hour. Note first that the noise group performed at about the same
level throughout. When the mean reaction times for the three blocks are compared,
the means differ only slightly -- the largest difference is .071 seconds -- and none
of the differences is significant.

However, the music group performed differently in the three blocks, and all
of the three possible comparisons proved significantly different. Rather than show-
Ing the predicted vigilance decrement during the hour, the music group actually
improved, responding significantly more quickly during the last two blocks than it
had during the first one. When these latter two blocks are compared with each
other, performance was significantly better during the middle block than in the
last one, although both were reliably superior to the initial block. This finding
supports the more general hypothesis that background music would lead to Improved
vigilance, yet it is intriguing to find that music did so by improving performance,
rather than merely maintaining it.

TABLE 9

Performance Changes During Vigilance:
Comparisons of Performance Between Pooled Trials

for Music and Noise Groups

Difference
Pooled Trials Compared Between Means tt

Music (Group A)

1-2 - 3 vs. 4- 5 .563 2.56*
1-2- 3 vs. 6-7- 8 .362 2.57*
4- 5 vs. 6-7-8 .201 2.48*

Noise (Group B)

1-2- 3 vs. 4- 5 .013 . .09
1-2- 3 vs. 6-7-8 .071 .64
4-5 vs. 6-7-8 .059 .35

t Computed from direct differences between paired measures.

* Significant beyond .05 level C_ = 2.179)
05
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The median attitude test score for these subjects was 5.55, with a range
from 5.8 to 1.8. The distribution was negatively skewed, and the lowest score
appeared to be an isolated case; the second-lowest one was 3.7. Surprisingly,
the median attitude score was somewhat lower in the music group (4.8) than in
the noise group (5. 6). Again, it appears that the laws of chance gave the noise
group a slight edge over the music group. Thus the demonstrated superiority
of the music group was not due to any greater preference for music. Yet perhaps
this variable deserves to be explored systematically to determine whether it has
any effect on work output with music.

This experiment has called attention to several points of design which are
worth summarizing. It appears that it would be wise to use separate groups under
these two conditions, to minimize the chances that within-groups variability will
be contaminated with uneven transfer effects and extraneous progressive response
changes. If possible, the groups should be matched, rather than merely randomized;
if they are not, there should be some provision for evaluating their comparability.
Although a small number of subjects has been useful for this factorial study, more
definitive efforts should of course use larger numbers of both subjects and trials.
It would probably be best to practice the subjects well before beginning to gather
data, to assure that their performance will be near the asymptote. The rather
crude apparatus used here could be improved in several ways. It seems desirable
to use a less obvious stimulus, one which would have less attention value than a
rather bright light. If possible, automatically programmed stimuli might reduce
the random variation somewhat and yield more stable measures. Finally, both
the nature of the music and the subjects' affective responses to music seem to
deserve further study.
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SUMMARY AND CONCLUSIONS

1. Fourteen subjects responded to eight light stimuli presented during a
one-hour vigilance task. Half of them worked while listening to a special program
of background music, while the other half heard a similarly loud fan. The
dependent variable was time to make a correct response by pressing the proper
one of three keys.

2. The performance of subjects who worked while hearing noise did not
change significantly during the hour. However, the subjects who heard back-
ground music responded significantly better (faster) during the latter two-thirds
of the hour than they had at first. Also, the music group performed significantly
better in the middle third of the hour than during the last third. Other tests,
comparing the groups with each other, rather than with themselves, did not
demonstrate significant differences with the number of subjects used.

3. The discussion Includes a critique'of the design used In this exploratory
study, with recommendations for future studies.

23

I

23



REFERENCES

1. Buckner, D. N. & McGrath, J. J. (Eds.) Vigilance: a symposium.
New York: McGraw-Hill, 1963.

2. Dannenbaum, A. The effect of music on visual acuity. Sarah
Lawrence Stud., 1945, 4, 18-26.

3. Dardano, 3. F. & Mower, I. Relationships of intermittent noise,
inter- signal interval and skin conductance to vigilance behavior.
Technical Memorandum 7-59, U. S. Army Human Engineering
Laboratories, Aberdeen Proving Ground, Md.

4. Freeburne, C. M. & Fleischer, M. S. The effect of music dis-
traction upon reading rate and comprehension. J. educ. Psychol.,
1952, 43, 101-109.

5. Freeman, J. & Neidt, C. 0. Effect of familiar background music
upon film learning. J. educ. Res., 1959, 53, 91-96.

6. Karsh, R. Relationships between galvanic skin resistance and
reaction time on a visual monitoring task. Technical Memorandum
8-61, U. S. Army Human Engineering Laboratories, Aberdeen
Proving Ground, Md.

7. Kerr, W. A. Where they like to work; work place preference
of 228 electrical workers in terms of music. 1. app. Psychol.,
1943, 27, 438-442.

8. Kirkpatrick, F. H. Music in Industry. 1. appl. Psychol., 1943,
27, 268-274.

9. Konz, S. Personal communication, June 24, 1963.

10. McGehee, W. & Gardner, J. E. Music In a complex industrial
Job. Personnel Psychol., 1949, 2, 405-417.

11. Mikol, B. & Denny, M. P. The effect of music and rhythm on
rotary pursuit performance. Percept. mbt. Skills, 1955, 5, 3-6.

12. Smith, W. A. S. Effects of incidental music in a work situation
requiring complex mental activity. Psychol. Rep., 1961, 8, 159-162.

25



13. Wokoun, W. Detection of random low-altitude jet aircraft by
ground observers. Technical Memorandum 7-60, U. S. Army
Human Engineering Laboratories, Aberdeen Proving Ground, Md.

14. Wokoun, W. Subjective reports from subjects in an aircraft
detection study: a questionnaire analysis. Technical Memorandum
22- 62, U. S. Army Human Engineering Laboratories, Aberdeen
Proving Ground, Md,

26



DISTRIBUTION LIST

Headquarters Commanding Officer Headquarters
U. S. Army Materiel Command USA Medical Research Laboratory U. S. Army Electronics R&D Laboratory
Washington, D. C. 20315 Fort Knox, Kentucky 40121 Fort Monmouth, New Jersey 07703
ATTN: AMCRD-RS I ATTN: Psychology Division I A'rrN: SELRA/GDA I

AMCRD-DE Library
Commanding General

U. S. Army Materiel Command Board Director of Research U. S. CONARC
Aberdeen Proving Ground. Md. 21005 U. S. Army Avn HRU Fort Monroe, Virginia 23331
Bldg. 3072 1 r.O. Box 428

Port Rucker, Alabama 36362 Co.nmsnding Officer
U. S. Army Test & Evaluation Comnuand ATTN: Librarian 1 Harry Diamond Laboratories
Aberdeen Proving Ground, Md. 21005 Washington, D. C. 20425
Bldg. 3071 1 Commanding Officer A IN: Tech Reere.ce Se I

U. S. Army Artillery CD Agency AHXD0-EI) (B.Grcen) 1
Dr. J, E. Uhlaner Fort Sill, Oklahoma 73503 1 Commanding Officer
Director, Research Laboratories irectorate of Medical Research
U. S. Army Personnel Research Oftice Commandant Edgewood Arsenal, Md. 21040
Washington 25, D. C. 1 U. S. Army Artillery & Missile School. ATTN: Psychol & Human Engr Br 1

Fort Sill, Oklahoma 73503 USA Environmental Hygiene
U. S. Army Personnel Research Office A'M,': Director, Dept. of Gunnery 2 Agency 2Washington 25, 0..C. I Commanding General Commanding Officer

P4rector, Army Research Office U. S. Army Missile Command Frankford Arsenal
Office, Chief Research & Development Redstone Arsenal, Alabama 35808 PhiladelpI, .Pa. 19137
Washington 25, D. C. ATTN: Research Library I ATTN: SMUFA-1031/65-1
ATrN: Human Factors Division I AMSMI-RCR (Mr. Chalkin) I (HF Engr Br)

Library (Bldg. 40)
Director Headquarters

U. S. Army Engineer Rach & Dev Labs U. S. Army Mobility Command Commanding General
Fort Belvoir, Virginia 22060 Warren, Michigan 48090 1 U. S. Army Munitions Command
ATTN: Lihrary I Picatinny Arsenal

Human Factors Branch 1 Headquarters Dover, New Jersey 07801
U. S. Army Detroit Arsenal A7TN: AMSMU-VC2 (Mr. P. Strauss) I

Commanding Officer Warren, Michigan 48090
U. S. Army Infantry Agency Director of Rcaarch
Fort Benning, Georgia 31905 1 Commanding General Training Methdi, Division

U. S. Army Tank-Automotive Command Human Resources Research Office
U. S. Army Infantry Warren, Michiuan 48090 300 North Wrshington Street
Human Research Unit ATTN: SMOTA-RRS 1 Alexandria, Virginia 22314
Fort Benning, Georgia 31905

Commanding General Commanding General
Combat Operations Research Group U. S. Army Weapons Command Natick Laboratories
Test & Experimental Field Office Rock Island Arsenal, Illinois 61200 Natick, Massachusetts 01760
P. 0. Box 1962 ATTN: AMSWE-TE ATT'N: Environmental Protection
Fort Beaning, Georgia 31905 AMSWE-9310-TS I Research Division
ATTN: Dr. Emmoran B. Cobb I

U. S. Army Leadership Human Rich Unit Commanding Officer
Commanding Officer P. 0. Box 787 Springfield Armory
USA Air Defense CD Agency Presidio of Monterey, Calif. 93940 1 Springfield, Massachusetts 01101
Fort Bliss, Texas 79906 1 ATTN: LWDB (PC)

Commanding Officer
Director of Research Medical Equipment Development Lab Director, Walter Reed Army
USA Air Defense CD Agency Fort Totten Institute of Research
Human Research Unit Flushing, New York 11359 1 Walter Reed Army Medical Center
Fort Bliss, Texas 79906 1 Washington, D. C. 20012

Commanding Officer ATTN: Neuropsychlatry Division
Commanding Officer U. S. Army Research Office
U. S. Army Armor CD Agency Box CM. Duke Station Commanding Officer
Port Knox, Kentucky 40121 1 Durham, North Carolina 1 Watertown Arsenal

Watertown, Massachusetts 02172
U. S. Army Armor Commanding Officer ATTN: AMXMR-9251
Human Research Unit Yuma Proving Ground
Fort Knox, Kentucky 40121 I Yuma, Arizona 85364ATTN: STEYT-ADLI
U. S. Army Materiel Command
Maintenance Board
Fort Knox, Ky. 40121 1



Commanding Officer U. S Navy Electronics Laboratory American Machine & Foundry Co.
Watervliut Arsenal San Diego 52, California II Bruce Place
Watervliet, New York 12189 ATTN: Ch. Human Factors Division 1 Greenwich, Connecticut
ATTN: SWEWV-RDD (Mr. Waugh) ATTN: Humn Factors Supv

U. S. Marine Liaison Office
Commanding General APO, Md. 21005 The Franklin InstituteWhite Sands Missile Range Bldg 3071 2 20th St. & Ben Franlklin Parkway
Las Cruces, New Mexico 88002 Philadelphia 3, Pa.
ATTN: Teihnical Library 1 RADC (RASH) ATTN: Electrical Eagr Library

Mr. R. Courtney I Griffisn AFB, New York 13442 1
177 Laboratories

I'SACDC Liaison Office Electronic Systems Div (AFSC) 500 Washington AvenueBldg. 3071, APO, Md. 21005 1 Scientific & Tech Info Div (ESTI) Nutley 10, New Jersey

L. 0. Hanscom Field ATTN: Human Factors Group
Ord Liaison Office Bedford, MassachuseMts 01731 1
Army Combat Dev Experimentation Ctr Martin Company
Fort Ord, California 93941 AMD (AMA) Life Sciences Dept., Engineering Div.
ATTN: LtCol M. D. Brkhead I Brooks Air Force Base, Texas 78235 1 Baltimore 3, Maryland

AM.N Dr. Carl C. Clark 3
Commanding General 6570 AMRL (MRP)
U. S. Army Combat Development Command Wright-Patterson APB, Ohio 45433 2 The Research Analysis Corporation
Ft. ilulvoir, Virginia 22060 6935 Arlington Road
AlTN: CDCRE-C (Dr. M. 1. Kurke) I Civil Aeromedical Research Institute Bethesda, Maryland

Federal Aviation Agency ATTN; Library
Commanding General. Aeronautical Center
USACDC Combined Arms Group P. 0. Box 1082 Rltchie & Associates, Inc.
Fort Leavenworth, Kansas 66027 1 Oklahoma City, Oklahoma 44 Ludlow Street

ATrN: Pscyhol Branch 1 Dayton 2, OhioPlans Officer (Psychologist)

PP&A Division, 03, Hqs, USACDCEC Defense Documentation Center Dr. D. W. Conover
Fort Ord, California 93941 1 Cameron Station Mail Zone: 6-169

Alexandria, Virginia 22313 20 General Dynamics/ConvairU. S. Army R&D Office, Panama P. 0. Box 1950
P. 0. Drawer 942 Office of Technical Services San Diego 12, California
Ft. Clayton, Canal Zone, Panama Department of Commerce
ATTN: Dr. D. A. Dobbins I Washington 23, D. C. Mr. Wesley E. Woodeon

ATTN: Acquisitions Section 2 Mail Zone: 594-50
U. S. Military Academy General Dynamics/Astronautics
MP&L Dr. William Lybrand 5001 Kearny Villa Road
West Point, New York 10996 Special Operations Research Office San Diego 11, California
ATTN: LtCol H. A. Bckley I The American University

1405 Massachusetts Ave., N.W. Hughes Aircraft Company
Technical Library Washington 16, D. C. I Florence Ave. at Teal Street
Aberdeen Proving Ground, Md. 21005 Culver City, California
Bldg. 313 Serials Unit ATTN: Engineering Library

Purdue University
Technical Library, Branch #3, D&PS Lafayette, Indiana 1 Minneapolis -Honeywell Regulator Co.
Aberdeen Proving GzOund, Md. 21005 Military Products Group
Bldg, 40(0 1 University of Michigan 600 2nd Street North

Ann Arbor, Michiqan Hopkins, Minnesota
Hq, USA Medical R&D Command ATTN: Dr. Leonard Uhr I A'TrN: Mr. Henry Guttmann
Main Navy Building Sr. HF EngrWanshington 25, D. C. Dr. Calvin W. Taylor

ATTN: NP & PP Rich Branch I Dept of Psychology Mr. Leo Bricker
Commanding Officer University of Utah Personnel Subsystems Manager

Salt Lake City, Utah Sylvania Electric Products, Inc.
Naval Research Laboratory 189 B. Street4th & Chesapeake Sts., S. W. American Institute for Research Needham Heights 94, Massachusetts 1
Washington 25. D. C. 1808 Adams Mill Road, N.W.
ATTN: Code 5120 Engr Psychol I Washington 9, D. c. Commander

Code 5143A Sys Analysis I ATTN: J. T. Hudson I British Army Staff
Commanding Officer & Director American Institute for Research 3100 Mass. Ave.,NW.
Naval Training Devices Center 410 Amberson Avenue Washington 8, ). C.
Port Washington, Long Island Pittsburgh 32, Pa. ATITN: Reports Officer
New York ATTN: Library
ATTN: Dr. Kenneth Thomson

American Institute for Research Defence Research Member
Commanding Officer Station A, P. O. Box 11487 Canadian Joint Staff
Office of Naval Research Branch Ofc Palo Alto, California 2450 Mass. Ave.,N. W,
495 Summer Street ATTN: Librarian 1 2 as n U.
Boston. Massachusetts Washington 8, 1, C. 1
ATTN: Dir, Bibliographical Service Institute for Defense Analysis

ProJ., Inst. for Appl. Exper. 1666 Connecticut Avenue, N.W.
Psychol, North Hall Washington 9, D. C.
Tufts College ATTN: Dr. Orlanaky

Medford 55, Mass.



ICU.

Jil I -V .4 1 
V

-B 
mg I '

9jP EPP11 1 j

C 0

u 8r Hil I l

i Tr1 14

-2:.14

st0



______________ - _________R_

I a ,C' - eq y,

59 a

-. g 1

It I

U- 1 .. E i~ t

Id) *.'2 (4 0

Iu~ H H.m

C4 4

ai

.rAIcA

.40O

-Jm
z C,

uI~;~~

., ! S

~ All
if .c



UNCLASIFIE

UNCLASSI FIED


